Purpose. Sporothrix globosa is the most important agent of sporotrichosis in China. The aim of this study is to investigate the population parameters of S. globosa.
INTRODUCTION
Sporotrichosis is a subcutaneous or cutaneous infection caused by traumatic inoculation of contaminated materials carrying inocula of the Sporothrix genus. Based on its clinical manifestations, sporotrichosis can be classified into fixed cutaneous, lymphocutaneous and disseminated cutaneous. The fixed cutaneous type is often represented by a single or a few ulcerated, verrucous or tuberous lesions with erythematous edges. Although the primary lesion of the lymphocutaneous type is similar to that of the fixed cutaneous type, secondary lesions arise along the lymphatic pathway with progression. The disseminated cutaneous type is characterised by multiple lesions at noncontiguous sites without extracutaneous involvement. Known medically relevant Sporothrix species include S. brasiliensis, S. schenckii, S. globosa, S. mexicana and S. luriei [1] , each with its own geographic distribution and virulence [2] . Moreover, there are differences in drug resistance among the different species [3] . In Asia, S. schenckii is very rare, and S. brasiliensis has not yet been reported. In China, the most common pathogenic Sporothrix species is S. globosa. Although it was thought to be a low-virulence pathogenic fungus in a murine model, S. globosa caused a serious sporotrichosis endemic situation in Northeast China [4, 5] . It is important to note that infections caused by S. globosa have also been reported in Brazil and Portugal [3, 6] . Traumatic inoculation was thought to be the most common mode of Sporothrix infection, and contaminated cornstalks and reeds were regarded as the main source. However, these conclusions were confusing because S. globosa has not been found as an endophyte in corn crops [2] . At the same time, there was no zoonotic transmission found in S. globosa. Thus, the mode of transmission of S. globosa remains unclear.
The genetic diversity of S. globosa was thought to be very low; thus, genotyping and population genetics studies would be difficult [7] . Recently, the Chinese S. globosa population was divided into 8 distinct clustering groups with high-resolution AFLP markers [8] . Meanwhile, it was thought that the AFLP genotypes had certain associations with the geographical origins of the isolates.
The genotyping of medically important fungi is currently done mainly using microsatellites and multilocus sequence typing (MLST) [9] . Microsatellites are short (1-6 bp) tandem repeats that are found throughout eukaryotic genomes and are thought to be neutrally evolving in fungi [10] . Usually, microsatellites are more discriminating than MLST, and thus, they are more suitable for species with low genetic diversity [9] . However, no research regarding microsatellite markers or the relevant population genetics of S. globosa is available at present.
Considering that the number of sporotrichosis cases has increased rapidly in recent years, Sporothrix species are a source of increasing concern [2, 11] . In the present study, we developed and evaluated a set of polymorphic microsatellites to analyse population genetic diversity in isolates of S. globosa collected from China. We aimed to answer two main questions: First, whether S. globosa had a unique population structure, and second, whether different genotypes of S. globosa caused different clinical symptoms.
METHODS

Isolate collection
One hundred and twenty clinical isolates were collected from China in 2012 and 2016 and stored at the Collection of Pathogenic Fungi in the National Institute for Communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention. These strains were mainly collected in the Second Hospital of Jilin University (Changchun, China), 
0000 -a, annealing temperature; b, Polymorphic information content; c, discriminatory power. (Table 1 and Supplementary table A) .
The strains were identified by morphological analysis and sequencing of rDNA internal transcribed spacer (ITS) and calmodulin (CAL) sequences.
This study was approved by the ethics committee of the National Institute for Communicable Disease Control and Prevention (ICDC) and is consistent with the guidelines of the Helsinki Declaration. All participants were adults, and they provided written informed consent for participation in this study.
DNA extraction
All fungal strains were grown on potato dextrose agar at 28 C for 12 days. DNA extraction was performed using a QIAamp DNA Mini Kit (Qiagen, Germany). Fungal specimens were frozen in liquid nitrogen and ground to a fine powder for 5 min in a pre-frozen mortar and pestle, thawed and further ground with 200 µl ATL.DNA extraction was carried out according to the manufacturer's instructions.
Microsatellite identification and genotyping
The software SSR Identification Tool (SSRIT) was used to identify microsatellites in the S. globosa genome (GenBank: LVYW00000000.1) [12] . Primers were designed using Primer Premier 5.0 (PREMIER Biosoft International, USA) in regions flanking microsatellite loci, and annealing temperatures were optimised with a gradient PCR. Polymorphic microsatellite loci were selected for population genetic analysis of S. globosa (Table 2 ).
For the ten chosen microsatellite loci, PCR was performed on 120 clinical isolates. PCR was performed in a 25 µl reaction volume using a Taq polymerase kit (Takara, China), containing 1ÂPCR buffer, 0.2 µM dNTPs, 0.5 U Taq polymerase, 0.2 µM each primer, and 2 µl genomic DNA (20-50 ng µl À1 ). PCR amplification was conducted with an initial denaturation at 95 C for 5 min, followed by 33 cycles of 95 C for 30 s, 30 s at an optimised primer-specific annealing temperature (Table 2) , and 72 C for 30 s and a final 10 min extension at 72 C. The primers for these 8 selected loci were fluorescently labeled with 6-carboxy-fluorescein (6-FAM) for further determination of allele length by migration of the PCR products using an ABI 3700 automated capillary DNA sequencer (Applied Biosystems).
Allele sizes were assigned with GeneMapper software (version 3.7) according to an internal size standard (LIZ 500, Applied Biosystems).
Data analysis Cervus 3.0 was adopted to calculate the number of alleles and polymorphic information content (PIC) [13] . The discrimination power (DP) of each microsatellite locus and the cumulative DP (CDP) of a set of microsatellite loci were calculated as described by Bart-Delabesse et al. [14] .
Population composition was inferred for the S. globosa isolates using the program STRUCTURE 2.3.4 [15] . STRUC-TURE estimates the log probability of the data for each value of K (number of clusters or populations). A series of independent runs were performed by using K from one to 12 populations, a burn-in of 100 000 Markov chain Monte Carlo (MCMC) iterations, and a data collection period of 100 000 MCMC iterations. Each simulation of K was replicated 20 times. An estimate of the true number of populations, K, was calculated using an ad hoc statistic-based approach implemented with the method of Evanno et al. in the software program Structure Harvester [16, 17] . The average membership coefficients for the 20 simulation runs of a given K value were generated by CLUMPP v1.1.2 [18] , and a graphical representation of the average membership coefficients for each isolate was generated in Microsoft Excel.
Analysis of molecular variance (AMOVA) was used with Arlequin 3.5 to compare the results of population divisions by STRUCTURE software or by clinical type [19] . Meanwhile, a principal coordinate analysis (PCoA) was completed by using Nei's unbiased genetic distance in GenAlEx 6.5. Shannon's information index (I), the effective number of alleles (n e ) and Nei's unbiased gene diversity (H S ) were also calculated using GenAlEx 6.5 [20] . The two strains of disseminated S. globosa collected were not used in the analysis of genetic diversity because they were too few to form a population.
RESULTS
Microsatellite loci of S. globosa Based on the genome of S. globosa, a total of 200 microsatellite loci were found, and primers were designed (data not shown). Of these microsatellite loci, only 10 polymorphic microsatellite loci (Sgl001-Sgl010) were stably amplified for all S. globosa strains ( Table 2 and Supplementary table A) . The number of alleles per locus ranged from three to 13 with an average of 5.50, presenting a moderate PIC value of 0.441. The cumulative discriminatory power of these 10 loci was 1.0000.
Population structure
In the STRUCTURE analyses, the clustering level K=3 yielded the largest delta-K value (Fig. 1a) . At K=3, the strains from Changchun (subgroups A and B) were assigned to all three clusters, while the populations from Dalian (subgroups C, D and E) and Chongqing (subgroup F) fell into two clusters (Fig. 1b, 1c) . Only cluster II could be found in all three geographic areas. (Fig. 2) , suggesting that the population of S. globosa was divided into three lineages. The AMOVA results also indicated that genetic variation was more significant among the three clusters than between the groups divided by clinical type (Supplementary table B) .
Genetic diversity
The genetic diversity of subgroups of S. globosa is shown in Table 3 . The different subgroups divided by clinical type had very similar genetic diversity. In contrast, the different subgroups divided with STRUCTURE software had different genetic diversity. Cluster II had much higher genetic diversity than the other clusters.
DISCUSSION
Previous studies have shown that the genetic polymorphism of S. globosa was very low and its population genetic structure was ambiguous [7] . However, the genetic markers used included the rDNA ITS and partial calmodulin (CAL) and translation elongation factor 3 (TEF3) genes. These three genes are well-known fungal DNA barcodes [21, 22] , the main function of which is the molecular identification of different species [23] . Therefore, candidate genes for DNA barcodes would not have high diversity in one species and were not suitable for population genetic analysis.
With high-resolution molecular markers, species that were previously thought to be very low in polymorphisms would exhibit more genetic polymorphism, and the special characteristics of their population genetic structure could be determined. In this case, highly polymorphic microsatellite markers are particularly useful. However, few microsatellite loci have been isolated from fungi [24] . This lack appears to be due, at least in part, to genomic characteristics, such as the scarcity and shortness of fungal microsatellite loci. Here, we developed a set of microsatellite markers to type strains for population genetic analysis. The cumulative discriminatory power of these markers was 1.000, suggesting that the marker system could satisfy the needs of strain typing and population genetic analysis.
The S. globosa population in China was divided into three clusters with STRUCTURE software. This result was also supported by PCoA and AMOVA. The three clusters coexist in the different clinical type subgroups (fixed cutaneous and lymphocutaneous), except the disseminated subgroup (Fig. 1c) . However, the disseminated subgroup included only two strains, and additional disseminated strains should be collected for future research. When the strains were analysed from the perspective of geographical origin, only the Changchun population contained all three clusters. Only two clusters were found in both the Dalian and Chongqing populations. This result may be related to insufficient sampling, but it is also possible that only two clusters are present in these two geographical populations. Changchun is in Jilin province, the location of the largest number of S. globosa infections [5] . Thus, finding the highest number of S. globosa lineages in the Changchun population is reasonable.
A recent study has indicated that the S. globosa population of Jilin has more genotypes than do other populations [8] . In this study, all three clusters were found in the population of Changchun, a city in Jilin Province. Thus far, the conclusions of this study are also similar to those of the previous study.
Genetic diversity can have important ecological consequences at the population, community and ecosystem levels [25] . Higher genetic diversity might suggest better adaptive capacity under selective pressure. For pathogenic fungi, antifungal agents and host immunity are attributed to selective pressure. The genetic diversity (n e , I and H S ) of the Changchun population was slightly higher than that of the Dalian population. In fact, S. globosa caused more human infections in Changchun and the surrounding area, which might indicate that the Changchun population would have better adaptive capacity; in other words, the Changchun population had higher pathogenicity. The genetic diversity (n e , I and H S ) of cluster II was higher than that of clusters I and III. Considering that cluster II was the only lineage found in all three geographical sampling sites, cluster II might have the strongest ability to spread and adapt.
The genetic diversity of the subgroups based on different clinical types (fixed cutaneous and lymphocutaneous) was similar. The AMOVA results also indicated that genetic variation was more significant among the three clusters than between the two clinical types (fixed cutaneous and lymphocutaneous) analysed. Because there were only two disseminated cutaneous strains, the population genetic parameters could not be computed. These results might suggest that no significant genetic differentiation exists between different clinical types (fixed cutaneous and lymphocutaneous). Further research should be performed on the disseminated cutaneous population.
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